During their time as Teaching Assistants (TAs), graduate students develop a variety of skills, knowledge, and attitudes (SKAs) based on teaching and related facilitation experiences. As TAs move on to future opportunities, their prior experiences form a foundation upon which additional teaching experience builds. Presently, there are few tools to gauge pedagogical growth during graduate student involvement as TAs in a specific post-secondary course, or as a consequence of their participation in a specialized TA training or teaching program. We identified key factors that underlie TA development and designed a new survey based on these for TAs to self-assess SKAs that they bring with them from prior experience, and those that they develop or enhance during their time as a TA. We designed a survey to test how TA experience with non-traditional roles in a First-year Seminar in Science course, SCIE113, affects SKAs that can be used in future teaching endeavours. We administered the survey to 18 current and past SCIE 113 TAs as of December 2015 (representing the complete population). The results showed that TAs with similar levels of experience shared similar skills, knowledge, and attitudes. Those TAs with the most experience had greater abilities in roles previously identified as non-traditional TA roles. Others working with graduate students can use or adapt the survey questions to investigate and stimulate the growth and development of TAs in their course or program.
INTRODUCTION
Graduate teaching assistants (TAs) play an important and influential role in undergraduate student learning. Sundberg, Armstrong, and Wischusen (2005) reported that in 34 large research schools in the United States, 91% of the biology laboratory courses were taught by TAs. Accordingly, it has been noted that the TA's effect on the classroom environment appears to influence undergraduate retention in the sciences (O'Neal & Wright, 2007) . However, TAs often enter the classroom without adequate pedagogical training (Golde & Dore 2001) . Eighty-four percent of counseling psychology programs employ graduate TAs (Prieto & Scheel, 2008 ), yet only 62% of the TAs had received professional development in teaching and for an average of less than three days (Prieto & Scheel, 2008) . This is particularly problematic as TAs with pedagogical training (e.g., an undergraduate education degree) are perceived as more effective by their students than those with prior TA experience alone assistant survey for growth and development. Teaching & Learning Inquiry, 6(1).
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Our key goals are 1) to present a model of skills, knowledge, and attitudes (SKAs) that TAs bring with them from prior experience, develop or enhance during their time as a TA, and take with them to other settings, and 2) to design a new survey for TAs to self-assess SKAs at any point in their work in order to examine their own teaching practices.
A model and a new survey
To represent TA growth and development of TAs, we designed a model (Figure 1 ). Our model considers the level of experience that TAs bring with them into a course, what they develop during their time in the course, and what they take with them when they leave that course. We contemplate whether experience in teaching and facilitation improves confidence in specific pedagogical skill sets, as suggested by DeChenne et al. (2012) . To test this, we designed a new survey, administering it to graduate students who were about to, were currently, or had been TAs in SCIE 113 as of December 2015. Survey questions relate to experience with and views towards each of nine roles previously documented by Cassidy et al. (2014) , including what techniques and strategies TAs use from their prior and current training and experiences as TAs, facilitators, and/or teachers. Figure 1 . Model of pedagogical growth in a teaching assistant (TA) prior to and following participation in a given course. Here we consider the pedagogical development (as skills, knowledge, and attitudes) before and after TAship. Some TAs may undergo repeated TAships within a given course (shown as a curved arrow) in which newly gained skills can be applied in subsequent TAships (shown as double-ended arrow).
The survey is intended for TAs to self-assess and monitor their progress in development of pedagogical skills in practice, but also to allow them to recognize development of professional skills for those that will take positions outside academia (Rose, 2012) . Instructors can also use the survey to identify and enhance their teaching partnerships with TAs. Coordinators and mentors can use the survey to identify areas of TA training that could be improved upon.
METHODS

Survey design
We designed survey questions that reflect key attributes of experienced instructors to allow TAs to self-assess their skills, knowledge, and attitudes. We then assigned each question to a specific TA role as previously identified by and elaborated upon by Cassidy et al. (2014) for this course. These include the most common or traditional roles in much TA work: Facilitator, Marker, Liaison, Mentee, and Student Mentor, as well as roles that, though they may be part of some TA work in other settings, we identified as being less common: Instructor, Mentor for Faculty, Course Developer and Collaborator, and Scholar (Cassidy et al., 2014 We invited feedback on the first draft of our survey from an instructor and from a researcher involved with the course. After building in their comments, we then had 11 TA volunteers not involved with SCIE 113 complete the survey. We incorporated their feedback to adjust ambiguous survey questions and to trim the survey to make it easier to administer and for students to complete.
Our survey (Appendix 1), based on the literature (Appendix 2), shares common points with some other surveys. We drew upon the work of Tollerud (1990) , modified by Boman (2013) . We used an ethics protocol for human subjects approved by the Behavioral Research Ethics Board at UBC (BREB #H10-01749).
The survey consists of three types of questions. The first requires TAs to assess a statement on a Likert scale of 1-5, where '1' indicates 'strongly disagree' and '5' indicates 'strongly agree.' The second measures the frequency of certain TA activities on a scale of 1-5, where '1' indicates that the respondent never engaged in that activity and '5' indicates that the respondent always engaged in that activity. The third requires respondents to provide concrete evidence to support their self-assessments or elaborate on their responses. For example, Q11 asks TAs how extensive the variety of techniques they use to promote active learning, and follows up by prompting them to list examples of active learning strategies that they have employed.
A total of 18 TAs were involved with SCIE 113 since inception in September 2010 through December 2015 when this study took place. All were invited to complete the survey, and all did so. The population of TAs encompasses three major categories: graduate students who have yet to TA SCIE 113 but have been hired to do so, those who have TAed 1-6 times and are expected to TA again in the future, and those who TAed at least one time but are no longer involved with the course. This range of TA experience allowed us to assess the pedagogical contributions of their various roles and to provide an example of the breadth of answers expected from a group of graduate students with variable teaching backgrounds and experience.
Principal component analysis (PCA) of responses
For all responses that could be quantified (Q6 -Q15, Q17 -Q24, Q26, Q28 -Q32), principal component analysis (PCA) was applied to group respondents based on their answers ( Figure 2 ) (Jolliffe, 2002) . Based on these questions, we inferred which areas of skills, attitudes, and knowledge shifted as TAs become more experienced. An experience score (XP) was determined for each respondent based on their answer to questions 1, 3-5, 25, and 27. Scores were calculated as follows: three points for each term they had previously TAed SCIE 113, one point for each term they had TAed another course, two points for each instance of TA or instructor training they had participated in, two points for having written a teaching philosophy statement, and four points for having participated in a conference or paper related to the scholarship of teaching and learning. Respondents were classified into three groups corresponding to low (XP < 10), medium (10 ≤ XP < 20), and high (XP ≥ 20) experience levels.
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One-way ANOVA tests of aptitude for traditional and non-traditional TA roles
We separated the survey questions into each of the nine TA roles identified by Cassidy et al. (2014) . Responses pertaining to what we describe as either traditional or non-traditional TA roles were grouped together to assess aptitude in these two categories. A one-way ANOVA test was applied to these categories, comparing low, medium, and high experienced TA groups. Due to our limited sample sizes, the distribution of the data could not be inferred. The ANOVA test was chosen for this comparison due to its resiliency in assessing datasets of unknown distributions. PCA showed medium and high experience level TAs are more similar to each other than to low experience level TAs based on survey responses (Figure 2 ). This patterning suggests a convergence of skills, knowledge, and attitudes as TAs gain experience as defined by our criteria. This finding can be used to identify specific areas that separate more experienced (high and medium) TAs from less experienced (low) TAs in order to focus TA training on particular areas. As an example, we see Q7 ("I have led portions of a class in collaboration with an instructor") and Q22 ("I discuss issues related to TA roles with fellow TAs") to be strongly correlated with TA experience, suggesting that additional focus on these areas may be most effective for improvement. While this survey presents only a snapshot of TA skills, knowledge, and attitudes, follow-up administrations of this survey throughout a TA's career could be used to determine how these areas improve as individual TAs gain experience.
Experience as a factor in traditional and non-traditional TA roles
We compared the three groups with a one-way ANOVA test to understand how experience might relate to TA aptitude in both traditional and non-traditional TA roles. Both medium and high experienced TAs showed a statistically significant increase (p = 0.001) in aptitude for non-traditional roles (Figure 3 ), but did not show a statistically significant increase in aptitude for traditional TA roles. This difference suggests that experience as defined by our criteria is a useful marker for assessing efficacy of TAs in SCIE 113. A clear delineation of expected roles of TAs prior to teaching can make incoming TAs aware of areas they can be anticipate to expand in and additional skills they can develop. Such awareness and reflection on teaching practices has been shown to improve teaching capabilities by breaking habitual frameworks (Brookfield, 2002) . The questions asked in this survey make respondents aware of areas that can improve teaching practices, such as the development of a teaching philosophy (Q25), the use of active learning techniques (Q11), or the existence of multiple techniques for student learning assessment (Q16). As these are not part of the traditional TA roles, we see this as an indication that TA work in SCIE 113 and possibly other settings provides an opportunity for improvement of teaching efficacy. Our analyses of responses to the open-ended questions near the end of the survey revealed a number of common learning experiences from TAing SCIE 113. Fourteen of the 18 respondents noted growth in one or more areas. For example, the opportunity to observe and have discussions with a variety of teaching faculty was a highlight. Comments included, "It's great practice! I got try a lot of different techniques and learn from six instructors. Seeing so many different people teach is very helpful," and "The best experiences while TAing this course were the discussions with faculty about their teaching experiences and how they tackle a teaching problem."
Respondents noted that TAing SCIE 113 gave them an opportunity to apply and learn new instructional skills: "I gained experience teaching communication and working with a very engaged teaching team," and It has allowed me to learn and employ a variety of skills, both those that I learned in the ISW workshops and those I have learned from working with five different instructors in the course. It has given me confidence in working with students.
Involvement in SCIE 113 also appears to have enabled TAs to improve their discussion facilitation skills ("As a facilitator, all of the discussion that we do has helped me recognize how beneficial it can be as a learning tool and has taught me new ways of engaging students who might be hesitant to participate," and "Helped me to improve my group facilitation techniques.") and encouraged TAs to approach their roles as instructors with a more developed teaching philosophy ("I have had a chance to critically reflect on what I believe makes a good teacher, and how one enacts that role, and tried to do so myself" and "I feel more empowered to bring my own philosophy into teaching").
The act of filling out the survey presented a number of benefits for 12 TAs, providing an opportunity for self-reflection ("It has helped me to realize the variety of skills that I have gained and all the tools I have in my teaching, facilitating [and other roles] toolboxes," and "It made me reflect on my own confidence in teaching.") One respondent noted NA, and five respondents did not feel they gained significant insight from filling out the survey. Of those, two had TAed for four terms, one had TAed twice, one had TAed once, and one had not yet TAed the course. The respondent who had TAed the course once indicated that the survey did not provide any new insights because they belonged to the Faculty of Education where they already spent a lot of time thinking about teaching and learning (most TAs for SCIE 113 are in the Faculty of Science).
TAs also became more aware of scholarship in teaching and learning. One noted, "I will work more on how to search for peer-reviewed literature about teaching and learning," and another "I think there are more or less opportunities to incorporate teaching and learning scholarship/techniques into TAing depending on the course." TAs also noted the areas in which they could still improve: "It made me reflect on what I needed to improve upon, and what worked for me. I've done a fair number of TAing stints and each course required a slightly different skillset."
We present a few responses unique to individuals about the value of TAing in SCIE 113. One TA felt that it prepared them to fulfill roles outside of their academic research role, noting that "Exposure to pedagogy and academic pursuits beyond my field (Genomics), exposure to the creation and modification of course material, it has made me feel prepared to be an instructor instead of just a teaching assistant." Another TA became sensitive to one of the learning barriers that teachers may encounter: "I have gained an appreciation for the difficulties faced by foreign students." Respondents' answers to these questions highlight the individuality of TA training. What may improve training for some TAs may not necessarily be important for others. This approach allows each individual's responses to situate them on the PCA plot, and identify areas that will help them to most rapidly improve. For example, respondent 6 (low center on Figure 2 ) could shift towards the more experienced group through improvement in Q28 ("I can provide examples of peer-reviewed literature on teaching and learning."), suggesting that providing additional academic resources or papers for them may be an effective method of improvement.
Twelve out of 18 respondents indicated that the survey was a useful tool to help them selfidentify skills, knowledge, and attitudes that they can improve upon. Seven of those reported that completion of the survey gave them a greater awareness of, and also stimulated interest in, the scholarship of teaching and learning one of the unique aspects of TA development in SCIE 113 (Cassidy et al., 2014) . This is noteworthy as there is a lack of knowledge in pedagogical practices or awareness of pedagogical literature in graduate student TAs (Fay et al. 2015) .
The survey could also help instructors and coordinators identify weaknesses in their interactions and mentoring of each individual TA. We found that feedback from mentorship of TAs by experienced instructors is an effective way to improve TA pedagogical practices and improve the confidence in teaching. Dialogue between TAs and faculty members can encourage TAs to take on more active roles beyond those expected of typical TAs (such as those we describe as non-traditional roles). These opportunities ultimately allow TAs to practice these skills, knowledge, and attitudes attained from these non-traditional roles, which are essential in future post-secondary teaching.
Future work with the survey
This analysis is based on the idea that more experienced TAs (as defined by our criteria in the methods section, based primarily on duration of teaching experience) have an expanded teaching skill set compared to starting TAs, which may not necessarily be the case. It would be interesting in the future to group TAs based on student learning metrics such as pre-and post-surveys, student based assessment of TA instruction, or TA assessment from faculty members. Furthermore, some of the questions in this survey cannot be directly addressed through specific training (Q32: "I feel confident that I could design a new course in my field") but are rather a combination of confidence and previous experience in course instruction and preparation of curriculum material.
The last two questions invited respondents to further explain their responses, allowing them to comment on the survey itself, and to pose any other comments. One TA wanted clarification on Q12 and Q16. Two respondents felt that they could not accurately answer some of the questions posed because the questions did not allow for a response that recognized that TA experience differed when working with different faculty. For example, one TA remarked:
My responses to some of the questions varied a lot depending on which instructor I was working with. For example, I have felt comfortable giving feedback to two of the four instructors with whom I have worked. I had to give a blanket answer but it isn't exactly an accurate reflection of what I experienced.
Some survey questions do not account for the difference in TA experiences based on the instructors they worked with, so this could be added in the future, especially with a larger data set. Many http://dx.doi.org/10.20343/teachlearninqu.6.1.8 87 questions allow only a single response on the Likert scale, and this may not reflect a respondent's experience. Specifically, Q18 and Q19 ask TAs their comfort level in giving some form of criticism or feedback to the instructor that they were paired with. Two respondents indicated they could choose only one blanket response to the prompts but did not feel that it limited their ability to provide accurate answers. It is likely because they felt comfortable giving feedback to some of the instructors that they worked with but not others.
The utility of the survey as an opportunity for self-reflection on an individual's roles as a TA may be limited in some circumstances. For instance, some of the more experienced TAs or the one TA already steeped in the culture of teaching and learning did not self-identify aspects of their TA work that they wanted to improve on. Respondents who had not yet TAed the course prior to completing the survey did not feel that the survey was useful for changing their attitudes towards TAing (but that might prove to be true if those TAs could take the survey after having TAed). While this survey reflects the experiences of 18 respondents, that number represents the complete population of TAs from SCIE 113 as of December 2015.
Future directions
Our sample was a snapshot of skills, knowledge, and attitudes at a single point in time. Administering this survey to TAs at multiple points as a TA in a particular course, or across their careers would reflect the changing attitudes as TAs gain more experience. We expect that regular self-assessment of teaching efficacy can improve TA confidence and help develop awareness of one's own teaching practices to help break down habitual frameworks (Brookfield, 2002) . We are also curious to see if awareness of other opportunities not commonly addressed in teaching assistantships, such as academic career development and educational research may generate interest in these areas. If administered over the span of many terms of a course, this survey could generate feedback that could be used to modify the existing framework of a course in order to make it more accessible, useful, and engaging for TAs.
CONCLUSION
Our survey findings support our model of TA growth and development, where the skills gained from prior facilitation or TA training can be expanded and improved upon, especially with the addition of some roles that are not typically handled by TAs in most courses. In SCIE 113, these roles included Instructor, Mentor for Faculty, Course Developer and Collaborator, and Scholar. Other or additional roles could be identified by colleagues who wish to add or adjust survey questions. Respondents indicated that the SCIE 113 experience can prepare them for future academic careers. It is important to document the growth and development of graduate student TAs, as they form a large and essential part of the post-secondary teaching team. Here we present tools for self-assessment by graduate TAs that can be used by and for TAs, coordinators, and mentors as part of ongoing training and reflection. The model and survey could also be used in multiple-section courses with different teams of faculty instructors and TAs, but they can be modified and adapted for any course or discipline to ensure continual, effective growth of TAs in a variety of roles and to prepare them for the immediate demands of post-secondary education careers.
